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An important stage in tissue culture is the acclimatising
of the in vitro grown plantlets to conditions outside the
culture flask. Many plantlets succumb to fungal attack
at this stage resulting in significant financial loss. The
use of plant extracts as possible antifungal agents is of
great interest in this regard. In a pilot study aqueous
extracts of Tulbaghia violacea and Allium sativum
(Alliaceae) were used to treat plantlets of
Harpagophytum procumbens (devils claw) by pre-soak-
ing plantlets in extract before planting out into pots or
by applying extracts as a soil drench after planting
plantlets into pots. Results obtained after a two-week
period showed that plantlets treated with extracts of T.
violacea had a higher percentage survival than did
those treated with extracts of A. sativum. Applying T.
violacea extract as a soil drench was most effective at
increasing plantlet survival. In an in vitro assay for anti-
fungal activity, extracts of T. violacea had greater activ-
ity than A. sativum against the fungal pathogens:
Botrytis cinerea, Pythium ultimum and Rhizoctonia
solani. This activity was lower than that obtained for the
commercial fungicide used when compared on a con-
centration basis. Results suggest that aqueous extracts
of T. violacea may be used as an alternative to synthet-
ic fungicides to increase plantlet survival of H. procum-
bens during acclimatisation.
The conservation of medicinal plants is of great importance
and methods of plant tissue culture provide a very effective
means of micropropagation of medicinal plants that are
being increasingly used and whose numbers are dwindling
in the wild.
An important stage in tissue culture is the acclimatising of
the in vitro grown plantlets to the conditions outside the cul-
ture flask. A loss at this stage has serious financial implica-
tions, especially when one considers all the resources that
are put into producing the in vitro plantlets. One of the major
causes of the high mortality of tissue culture-raised plants is
their sudden exposure to microbial pathogens present in the
soil. These plantlets do not possess sufficient resistance
against the soil microbial communities and, during or follow-
ing field transfer, succumb to microbial attack (Pandey et al.
2000).
Many methods have been used for acclimatising micro-
propagated plantlets for successful field establishment
(Bhojwani and Dhawan 1989). However, fungal attack of
plantlets remains a major obstacle in successful field estab-
lishment. Biological control of phytopathogenic fungi is of
interest as some of the fungi are developing resistance to
the widely used fungicides. In addition, the use of plant
extracts as a source of antifungal agents provides a safe
and easily biodegradable alternative to the more commonly
used synthetic fungicides (Ganesan and Krishnaraju 1995,
Qasem and Abu-Blan 1996). There is however, little infor-
mation available on the efficiency of plant extracts against
fungal plant pathogens (Ark and Thompson 1959, Singh et
al. 1980, Barreto et al. 1997, Eksteen et al. 2001, Pretorius
et al. 2003). Screening of plant extracts against common
plant pathogens can establish whether they could be used
effectively as alternatives to synthetic fungicides.
Harpagophytum procumbens (Burch.) DC. Ex Meisn,
commonly known as devils claw, is an increasingly used
medicinal plant (Van Wyk et al. 1997) and is currently being
mass propagated by tissue culture. Unfortunately these
plantlets experience severe damping off during acclimatisa-
tion resulting in unacceptable financial loss. This prompted
the search for plant extracts that possess antifungal activity
and could be used instead of the commonly used synthetic
antifungal agents. Two plants — sativum L., commonly
known as garlic and Tulbaghia violacea L., commonly known
as wild garlic — were tested for antifungal activity both in
vivo and in vitro. Both plants are easily obtainable in South
Africa and use of these extracts as antifungal agents may
offer a cost effective alternative to the often expensive syn-
thetic fungicides. In a previous study, Motsei et al. (2003)
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showed extracts from these two plants to have significant
activity against Candida albicans. This prompted us to
investigate the activity of these plant extracts against some
common and troublesome plant pathogenic fungi. Both A.
sativum and T. violacea belong to the family Alliaceae
(Burton 1990). A. sativum has an extensive history of medic-
inal usage. This includes inhibitory activity against fungi
(Burton 1990, Shivpuri et al. 1997, Ankri and Mirelman 1999,
McKenna et al. 2002, Thomson and Ali 2003). When garlic
is extracted at room temperature, the major product is allicin
(alkyl-2-propene-1-thiosulphinate), which is formed by
enzymic action on alliin in the crushed tissue, and which has
marked antibacterial, antiviral and antifungal activity (Misra
and Dixit 1977, Burton 1990, Ankri and Mirelman 1999). In a
study of the chemistry of T. violacea Burton (1990) reported
the likely presence of a system analogous to that giving rise
to biologically active sulphur compounds in Allium species,
particularly garlic. Motsei et al. (2003) attributed the
observed antifungal activity of extracts of T. violacea and A.
sativum against Candida albicans, to allicin.
Plants of T. violacea were obtained from the National
Botanical Gardens in Pietermaritzburg, KwaZulu-Natal, and
A. sativum bulbs from a local food retail store. 
Twenty-six grams of clean, fresh bulb material of T. vio-
lacea were blended with 150ml distilled water in a Waring
blender until a fine mixture was obtained. A further 110ml of
distilled water were added to this mixture which was subse-
quently filtered and freeze dried. Bulb material (30g) of A.
sativum was blended in 300ml of distilled water in a Waring
blender until a fine mixture was obtained and then filtered
and freeze dried. The yields for both extracts were determined
whereafter the extracts were resuspended to 100mg ml–1 in
distilled water.
The extract obtained from each plant (100mg ml–1) was
further diluted with distilled water to one part extract to eight
parts water (12.5mg ml–1); 1:16 (6.25mg ml–1) and 1:32
(3.125mg ml–1), respectively. Uniform plantlets of H.
procumbens (six-weeks-old) ready for hardening off were
taken from tissue culture flasks and rinsed in distilled water.
Ten plantlets were used per treatment. Plantlets were treat-
ed by (a) pre-soaking in the respective diluted plant extract
for 15min and then planted into a pot or (b) by planting
plants into pots and then spraying them with the respective
extracts until the soil was wet (referred to as a ‘drench’).
Pots (15cm) were filled with a mixture of river sand:compost
7:3. Controls consisted of plantlets pre-soaked in distilled
water or sprayed with distilled water. Following planting out
all pots were moved into a mist house for seven days and
then moved to a greenhouse. Percentage survival was
recorded daily for two weeks.
The agar dilution method (Rios et al. 1988) was used with
modifications to determine the inhibition of mycelial radial
growth of the selected fungi by the plant extracts. The plant
pathogenic test fungi were obtained from the South African
National Collection of Fungi, Pretoria. Fungi were main-
tained on 2% Potato Dextrose Agar (PDA). Two percent
PDA was prepared according to manufacturers directions
and autoclaved at 121°C for 20min. Extracts of T. violacea
and A. sativum were resuspended in distilled water to a con-
centration of 1g ml–1 and amended in the agar to give a final
concentration of either 10mg ml–1 or 50mg ml–1. Ten ml of the
agar plus plant extract were then poured into 90mm sterile
plastic Petri dishes and allowed to gel. The centre of each
plate was inoculated with a 5mm size plug of stock cultures,
and incubated at 25°C for 48h. Inoculum from the following
fungi, which are commonly involved in damping off, was
used: Botrytis cinerea (PPRI 7143); Pythium ultimum (PPRI
7133) and Rhizoctonia solani (PPRI 4619). Radial mycelial
growth was determined after 48h by calculating the mean of
two perpendicular colony diameters on each replicate. A
control consisting of basal medium only was included and a
plate containing 0.1mg ml–1 carbendazim/difenoconazole
(Eria® –187.5g l–1 EC) was used as a standard fungicide.
Each assay was performed three times. Percentage inhibi-
tion of fungal growth was calculated using the following for-
mula: % inhibition = 100 – (E/C x 100) where E is the mean
of the fungal colony diameter on the agar-extract medium
and C the mean of the fungal colony diameter of the control.
Little information with regard to the efficiency of plant
extracts against fungal pathogens is available in the litera-
ture. Ark and Thompson (1959) reported that the juice of
garlic cloves and aqueous as well as organic solvent
extracts of commercial garlic powder possess strong bacte-
ricidal and fungicidal properties. The essential oils of
Cymbopogon martini, Cymbopogon oliveri, Cymbopogon
sp. and Trachyspermum ammi exhibit strong fungitoxicity
and were more active than some of the prevalent synthetic
fungicides (Singh et al. 1980). Seaweed extracts are report-
ed to exhibit antifungal activity against Verticillum sp. and
Rhizoctonia solani (Barreto et al. 1997). Eksteen et al.
(1997) reported that crude extracts of Eucomis autumnalis at
a concentration of 100mg ml–1 displayed antifungal activity
comparable to that of a broad spectrum synthetic fungicide
(carbendazim/difenoconazole) tested at a concentration of
1µg ml–1. Such reports support the idea that plant extracts
hold potential to be exploited as natural fungicides even
though they need to be used at higher concentrations than
synthetic fungicides to be as effective. It is however well
known that generally one needs to use extracts at higher
concentrations to obtain the same activity as pure com-
pounds.
This study showed that extracts of T. violacea are more
effective in inhibiting fungal growth than extracts of A.
sativum. Applying extract of T. violacea as a soil drench at a
dilution of 1:16 (6.25mg ml–1) proved most effective in
increasing plantlet survival (Table 1). The survival rate of
70% and 80% (Table 1) is in the same order as that obtained
with synthetic fungicides used in the field. Our results sug-
gest that the concentration of the active principle is higher in
extracts of T. violacea than in extracts of A. sativum.
Applying extract of A. sativum by soaking plantlets in a dilu-
tion of 1:8 (12.5mg ml–1) proved least effective at increasing
plantlet survival which raises the question of possible toxici-
ty of A. sativum extracts to plantlets at this high concentra-
tion. In vitro screening of A. sativum and T. violacea extracts
show extracts on the whole, to exhibit low levels of activity
against the fungal pathogens B. cinerea, P. ultimum and R.
solani (Table 2). On a concentration basis this activity is
lower than that obtained for the standard fungicide used.
Extracts of T. violacea displayed greater activity in vitro
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against the fungal pathogens than extracts of A. sativum.
These results suggest that aqueous extracts of T. violacea
may be used as a cost effective alternative to synthetic
fungicides to increase plantlet survival of H. procumbens
during acclimatisation.
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Table 1: Percentage survival of H. procumbens plantlets treated with T. violacea and A. sativum extracts after two weeks
Extract concentration (mg ml–1)
Plant extract Application 12.5 6.25 3.125 Control
Soak 50 70 50 50
T. violacea Drench 50 80 70 40
Soak 20 40 50 40
A. sativum Drench 40 30 40 40
Table 2: Percentage inhibition of fungal growth in response to extracts of A. sativum and T. violacea
Pathogens tested
B. cinerea P. ultimum R. solani
Plant extract Extract concentration (mg ml–1)
50 10 50 10 50 10
A. sativum 38 ± 1.4 3 ± 0.7 16 ± 3.5 45 ± 1.4 19 ± 0.7 0
T. violacea 51 ± 0.3 28 ± 2.9 41 ± 1.4 10 ± 1.2 28 ± 0.35 14 ± 0.8
Eria® Standard fungicide (0.1mg ml–1) 56 ± 2.8 60.5 ± 3.7 99 ± 1.2
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